Consequences of the strong, short-range attractive interaction between cavities and misfit dislocations are examined in SiGe/Si heterostructures. When He is implanted at the SiGe/Si interface, either in situ during epitaxial growth or by post-growth treatment, cavities form and locate on the misfit dislocation cores. The misfit dislocations are no longer straight lines extending over several microns, but form a network with jogs and intersections at the cavities.
Introduction
Ion-implantation of He into semiconductors has been shown to form bubbles that can be degassed during subsequent annealing, leaving behind empty cavities [ 1, 2] . The cavities are being evaluated for uses in microelectronic devices, such as gettering metallic impurities [2-51 or altering electronic properties of semiconductors [6] . Several observations with transmission electron microscopy (TEM) indicate an attractive interaction between cavities and dislocations in the damaged layer formed by the He implantation [7] . Moreover, calculations using elastic continuum theory indicate that the binding between cavities and dislocations is quite strong, e.g.
-600 eV for a 1 0-nm radius cavity centered on a screw dislocation core in Si, and is Here we examine the effects of a cavity layer on the microstructures of misfit dislocations in SiGe/Si heterostructures. The He was introduced either in situ during molecular beam epitaxy (MBE) growth or into pre-grown, fully strained heterostructures by subsequent implantation.
Cavities formed at the interface intersect misfit dislocations and disrupt their propagation in straight lines that would extend several micrometers in relaxed, unimplanted alloys. Three structures with increasing degrees of cavity/misfit-dislocation interaction are discussed below.
Cross-section specimens for TEM were prepared by conventional metallographic polishing and ion milling techniques; plan-view specimens were similarly prepared by back-thinning . The composition and strain relaxation of the alloy overlayers were determined by x-ray diffraction.
In Situ He Implantation during MBE
Specimens were implanted in situ by adding a low-energy He ion gun to a MBE chamber.
Growth was done at 550°C, but halted to implant 2~1 0 '~ He/cm2 at 4.5 kV followed by annealing 1/2 hour at 700°C to outgas and enlarge the resulting cavities. Shown in Fig. 1 is a specimen for which a Si buffer layer was grown on (001) Si, cavities were formed, and then the Si&,, alloy was grown to a thickness of -300 nm. This placed most cavities below the SiGe overlayer as seen in cross-section in Based on examinations of similar specimens without He treatment and cross-section images of this specimen, we expect that the misfit dislocations were nucleated by growth-related inhomogeneities in the epilayers and possibly by the implanted layer.
In the specimen seen in Fig. 2 , the Si,,Ge17 alloy was grown to 50 nm thickness, the cavity treatment was applied, and then growth of the SiGe layer was continued to a thickness of 275 nm. By pre-growing a SiGe layer nearly equal to the He implantation depth and then implanting, a layer of larger cavities up to 20 nm in diameter forms at the interface, as seen in cross-section in Fig. 2a ; smaller cavities are also found up to 45 nm in above of it. This specimen was found 
